We demonstrate a digital holographic system for fast and precise qualityinspection of the interior of micro deep drawing parts using Two-Wavelength-Contouring.
Introduction
The functionality of micro deep drawing parts actively depends on their interior structure and must not exhibit imperfections of the internal shape. Such components have dimensions in the mm-range and are produced in a fast process. Additionally micro deep drawing parts are vital components for the final product and therefore may have to undergo a 100%-quality control which calls for an in-line inspection. As a consequence of this demand a precise, fast and at the same time robust inspection-method has to be designed for the micro deep drawing process [1] . A compilation of state of the art measurements is given in [1] , these methods are too slow for the integration in a production line. Interferometric methods have been established for full field measurements and are based on analyzing the light path reflected from an object. White Light Interferometry (WLI) is based on determining the temporal coherence function of a wavefunction to extract the shape of the investigated object [2] . These methods can be precise and more rapid than tactile methods, but cannot fulfill the intended robustness, as they rely on mechanical shifts in the setup. The interferometric method considered here is called Digital Holographic Microscopy (DHM) and is based on the evaluation of the lateral phase distribution in the object plane. By recording an interference pattern of the light reflected from the object and a known reference wave 3D-information of the considered object can be extracted and allow an inspection of micro components [3] . Recently DHM was shown to be an useful tool for detecting the interior surface of tubes [4] . Thus DHM qualifies well for the fast and precise inspection of the inner of micro parts. Additionally DHM was shown to be used in a single exposure recording with the help of Two-Frame-Phase Shifting [5] , making DHM very robust and applicable in a production line. A major problem for DHM is the occurrence of ambiguities when the roughness of the observed object is greater than half of the used wavelength. For this purpose two laser sources with wavelengths differing only by a few nanometers are used. With Φ 1 (x, y) and Φ 2 (x, y) the corresponding phase distributions for each wavelength, a contouring phase map can be calculated with ∆Φ(x, y) = Φ 1 (x, y)−Φ 2 (x, y), which yields the result expected from a single measurement with a synthetic wavelength [6] 
where λ 1 and λ 2 are the wavelengths of the laser sources. The synthetic wavelength Λ usually is chosen to be in the µm-range. After obtaining the Contour map phase distribution ∆Φ(x, y) one can calculate the height map in case of reflecting objects with [7] ∆Φ
with h(x, y) the height distribution of the test object. Compared to other optical inspection methods, DHM exhibits a large depth of focus as the recorded holograms can be reconstructed at different planes in depth [8] and therefore have an excellent depth of focus compared to other optical inspection techniques. Furthermore no mechanical adjustment is needed. As vibrations in industrial environments may extend into the kHz-range, the implementation of pulse lasers can lower the exposure time drastically, making DHM very robust.
Experimental setup
For the inspection of the interior of a micro deep drawing component with DHM, a Michelson-Interferometer based setup shown in Fig. 1 is constructed with the object in one arm and a piezoelectric mirror in the other arm to enable temporal phase-shifting. The Michelson-Interferometer has been placed in front of the object in order to minimize the lengths of seperated light paths. In this configuration the setup is more stable with respect to exterior disturbances. As light sources, two diode lasers with output-powers of P 1 = 70 mW and P 2 = 20 mW and with wavelengths λ 1 = 636, 15 nm and λ 2 = 640, 91 nm are being used. The synthetic wavelength therefore amounts to Λ = 85, 7 µm. To avoid coherent amplification and to minimize speckle noise, laser light with short coherence lengths is used. As the investigated area inside the cavity has a diameter of approximately only two millimeters, the object is magnified with the help of a 5X-microscope-objective and imaged on the CCD-plane. The measurement time including processing for one component amounts to one second. While we use diode lasers as light sources to have exposure times in the ms-range, the use of pulse lasers can reduce the exposure time to the ns-range and for this purpose increase the robustness of the setup. In case that the piezoelectric device is not able to work properly inside a turbulent environment, the setup mentioned in Fig. 1 can be extended with the Two-Frame-Phaseshifting-method [5] to capture two phase-shifted holograms using two CCDs at the same time.
Experimental results
The interior of a micro deep drawing part is inspected across an area with a high surface gradient, which is highly important for the functionality of the component. Figure 2a shows the reconstructed contouring phase map generated from two holograms produced with the previously introduced setup. The relevant area is located around a hole with a diameter of 0,9 mm, which can be seen in Fig. 2a . The concentric contour lines show the conical form of the investigated area. The local imperfection is clearly visible as the deviation of the object form and can be determined to be a scratch. For further investigation and to finally measure the depth of the scratch, one can solely concentrate on the yellow marked part in Fig. 2a . The phase is unwrapped to obtain metric data with the help of Eq. 2. After applying a linear least square fit one obtains the deviation of the form of the observed area, see Fig. 2b . We calculated two mean phase differences on the dashed lines and subtracted them to calculate a mean depthd(x, y) of the scratch, which is measured to be:d
with ∆Φ 1 (x, y) and ∆Φ 2 (x, y) being the mean phase difference values inside and outside the scratch, respectively. Due to speckle-noise [6] a comparably high standard deviation of σ = 3, 6 µm from the measurement result in Eq. 3 is calculated. 
Conclusion
We demonstrate a fast and precise inspection method to detect local imperfections inside micro deep drawing parts on the µm-scale with the help of Digital Holographic Microscopy, which allow for an automated inspection. With TwoWavelengh-Contouring a synthetic wavelength is generated, which is much larger than the wavelength of the used laser light, to avoid ambiguities in the phase distribution. Experimental results clearly indicate the local imperfection as a deviation of the inner form. Furthermore the size of the detected imperfection could be quantified. After proving our concept we plan to use Two-Frame-Phaseshifting with the help of two cameras to avoid the piezoelectric mirror and to record a hologram in a single exposure to additionally improve the system.
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